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(57) ABSTRACT

|[Problem] The thickness on a ripcord 1n a circular optical
cable 1s reduced, to improve workability.

[Solution] An optical cable of the present invention includes:
an optical fiber unit including optical fibers; a sheath, having
a circular external form, configured to house the optical fiber
unit 1n a housing portion; and two strength members embed-
ded i1n the sheath; and two rnip cords, wherein when a
direction of connecting the two strength members sandwich-
ing the housing portion 1s a {first direction and a direction
intersecting the first direction 1s a second direction, in a cross
section of the optical cable, a cross-sectional shape of the
housing portion has a dimension in the second direction
greater than that in the first direction, and the two rip cords
1s disposed to sandwich the optical fiber unit such that a
direction of connecting the two rip cords 1s 1n the second
direction, 1n the cross section of the optical cable.

4 Claims, 12 Drawing Sheets
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OPTICAL CABLE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International
Application No. PCT/IP2014/076502 filed Oct. 3, 2014,
claiming priority based on Japanese Patent Application No.

2014-043622, filed Mar. 6, 2014, the contents of which are
incorporated herein by reference 1n their entirety.

TECHNICAL FIELD

The present invention relates to an optical cable.

BACKGROUND ART

There 1s known a slotless type optical cable 1n which a
plurality of optical fibers 1s disposed within a sheath. Patent
literature 1 and Patent literature 2 disclose an optical cable
in which the cross-sectional surface of a housing portion for
housing optical fibers 1s non-circular.

Strength members (tension members) are embedded 1n the
sheath of the optical cable (see Patent Literature 1 and Patent
Literature 2). Metallic wires such as steel wires are generally
used for the strength members. Whereas, 1n the case where
metallic wires are used for the strength members, a lightning,
surge may travel along the strength members, and thus a
nonmetallic material such as glass FRP (GFRP) may be used
for the strength members.

CITATION LIST

Patent Literature

|[Patent Literature 1] Japanese Patent Application Laid-
open Publication No. 2001-21780

[Patent Literature 2] Japanese Patent Application Laid-
open Publication No. 2004-212771

SUMMARY OF INVENTION

Technical Problem

Since the strength members made of a nonmetallic mate-
rial have a modulus of elasticity smaller than that of metallic
wires, the strength members each result 1n having a rela-
tively large outer diameter, to acquire strength required for
an optical cable. When the sheath 1s increased 1n thickness
so as to embed the thick strength members 1n the sheath,
cladding on a rip cord 1s also 1increased 1n thickness accord-
ingly. As a result, a great force 1s required for pulling the rip
cord, and/or the rip cord that are pulled with a great force
may break, which decreases workability.

There 1s a way to decrease cladding on the rip cord by
forming the optical cable in a rectangular shape. However,
since most of the existing closure, dead-end grips for grip-
ping, etc., are intended for the circular optical cable 1, the
optical cable may not be held with a suthicient holding force
if formed 1n a rectangular shape. Thus, it 1s desirable that the
optical cable has a circular external form.

A primary object of the present invention 1s to reduce the
thickness of cladding on a rip cord 1n a circular optical cable,
to 1improve workability.

Solution to Problem

A principal aspect of the present disclosure to achieve an
object described above 1s an optical cable comprising: an
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optical fiber unit including a plurality of optical fibers; a
sheath configured to house the optical fiber unit 1n a housing
portion, the sheath having a circular external form; two
strength members embedded in the sheath; and two rip
cords, wherein when a direction of connecting the two
strength members sandwiching the housing portion 1s a first
direction and a direction intersecting the first direction 1s a
second direction, 1n a cross section of the optical cable, a
cross-sectional shape of the housing portion has a dimension
in the second direction greater than a dimension 1n the first
direction, and the two rip cords 1s disposed to sandwich the
optical fiber unmit such that a direction of connecting the two
rip cords 1s 1n the second direction, in the cross section of the
optical cable

Other features of the present invention will become
apparent from the description of this specification and the
accompanying drawings.

Advantageous Effects of Invention

According to the present invention, 1t 1s possible to reduce
the thickness of cladding on a rip cord 1n a circular optical
cable, to 1improve workability.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a cross-sectional view of an optical cable 1
according to a first embodiment. FIG. 1B 1s an explanatory
diagram of a cross-sectional shape of a housing portion 6 A
in a sheath 6 according to a first embodiment but with an
optical fiber unit 2 in FIG. 1A omatted.

FIG. 2 1s an explanatory diagram of an optical fiber tape
4 of an mtermittently fixed type.

FIGS. 3A and 3B are comparative diagrams explaining
reference examples using strength members 7 having dif-
ferent diameters.

FIGS. 4A and 4B are comparative explanatory diagrams
for comparing optical cables between a present embodiment
and a reference example. FIG. 4A 1s an explanatory diagram
of an optical cable 1 according to a present embodiment.
FIG. 4B 1s an explanatory diagram of an optical cable 1 1n
a reference example illustrated 1n FIG. 3B.

FIG. SA 1s a cross-sectional view of an optical cable 1
according to a second embodiment. FIG. 5B 1s an explana-
tory diagram of a cross-sectional shape of a housing portion
6 A 1n a sheath 6 according to a second embodiment but with
an optical fiber unit 2 i FIG. SA omuatted.

FIG. 6A 1s a cross-sectional view of an optical cable 1
according to a third embodiment. FIG. 6B is an explanatory
diagram of a cross-sectional shape of a housing portion 6 A
according to a third embodiment but with an optical fiber
unmit 2 1 FIG. 6 A omitted.

FIG. 7 1s a reference explanatory diagram without a rip
cord.

FIG. 8A 15 a process diagram for a manufacturing appa-
ratus of an optical cable 1. FIG. 8B 1s an explanatory
diagram of a mipple 16 and a die 18 of an extruder 14.

FIGS. 9A and 9B are explanatory diagrams of a nipple 16.

FIG. 10A 1s a photograph of an optical cable 1 in which
a phenomenon of “untwisting” has occurred. FIG. 10B 1s an
explanatory diagram of a state of a certain optical fiber 4A
in FIG. 10A.

FIGS. 11A and 11B are explanatory diagrams of an
“untwisting” occurring mechanism.

FIG. 12A 1s an explanatory diagram of OTDR measure-
ment. FIG. 12B 1s an explanatory diagram of a measurement
result.
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FIG. 13 1s a cross-sectional view of another embodiment
in the case where a housing portion 6A has an elliptical
shape 1n cross section.

FIGS. 14A and 14B are cross-sectional views of still other
embodiments.

FIG. 15 1s an explanatory diagram of an embodiment in
which four strength members 7 are provided.

DESCRIPTION OF EMBODIMENTS

At least the following matters will become apparent from
the description in the present specification and the accom-
panying drawings.

An optical cable will become apparent that comprises: an
optical fiber umt including a plurality of optical fibers; a
sheath configured to house the optical fiber unit 1n a housing
portion, the sheath having a circular external form; two
strength members embedded in the sheath; and two nip
cords, wherein when a direction of connecting the two
strength members sandwiching the housing portion is a first
direction and a direction intersecting the first direction 1s a
second direction, 1n a cross section of the optical cable, a
cross-sectional shape of the housing portion has a dimension
in the second direction greater than a dimension 1n the first
direction, and the two rip cords 1s disposed to sandwich the
optical fiber unit such that a direction of connecting the two
r1p cords 1s 1n the second direction, in the cross section of the
optical cable.

According to such an optical cable, it 1s possible to reduce
the thickness on a rip cord 1n a circular optical cable, to
improve workability.

It 1s desirable that the cross-sectional shape of the housing
portion 1s an elliptical shape whose minor axis 1s 1n the first
direction and major axis 1s in the second direction. Accord-
ingly, it 1s possible to reduce the thickness on a rip cord 1n
a circular optical cable, thereby improving workability.

It 1s desirable that the plurality of optical fibers are twisted
in an SZ manner, and L.1/L.2 1s equal to or greater than 0.55,
where L1 1s a dimension of the housing portion in the first
direction and L2 1s a dimension thereof in the second
direction. Accordingly, transmission loss can be restrained.

It 1s desirable that the cross-sectional shape of the housing,
portion 1s 1n such a shape as to be enclosed by two straight
portions along the second direction and two arc-shaped
portions on both sides 1n the second direction of the straight
portions. Accordingly, it 1s possible to reduce the thickness
on a rip cord 1n a circular optical cable, thereby improving
workability.

It 1s desirable that the plurality of optical fibers are twisted
in an SZ manner, and L.1/L.2 1s equal to or greater than 0.60,
where L1 1s a dimension of the housing portion 1n the first
direction and L2 1s a dimension thereof in the second
direction. Accordingly, transmission loss can be restrained.

It 1s desirable that the cross-sectional shape of the housing
portion 1s 1 such a shape as to be narrowed at a line
connecting the two strength members. Accordingly, 1t 1s
possible to reduce the thickness on a rip cord 1n a circular
optical cable, to improve workability.

It 1s desirable that the plurality of optical fibers are twisted
in an SZ manner, and L.1/L.2 1s equal to or greater than 0.75,
where L1 1s a dimension of the housing portion 1n the first
direction and L2 1s a dimension thereof in the second
direction. Accordingly, transmission loss can be restrained.

It 1s desirable that the plurality of optical fibers are twisted
in a single direction. Accordingly, transmission loss can be
restrained.
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It 1s desirable that the strength members are made of a
nonmetallic matenial. It 1s especially advantageous in such a
case.
===0ptical Cable 1 of First Embodiment=—=
<Configuration of Optical Cable 1>

FIG. 1A 1s a cross-sectional view of an optical cable 1
according to a first embodiment. FIG. 1B 1s an explanatory
diagram of a cross-sectional shape of a housing portion 6 A
in a sheath 6 according to a first embodiment but with an
optical fiber unit 2 i FIG. 1A omitted. The optical cable 1
includes the plurality of optical fibers 4A, a press-wrapping
tape 5, the sheath 6, a pair of strength members 7, and a pair
of rip cords 8. In the following description, an assembly of
the plurality of optical fibers 4 A and the press-wrapping tape
5 may be referred to as the “optical fiber unit 2. However,
in the case of the optical cable 1 without the press-wrapping
tape 5, a bundle of the plurality of optical fibers 4A may be
referred to as the “optical fiber unit 2. Further, the “optical
fiber umit” may be referred to as an “optical fiber core”.

The plurality of optical fibers 4A are formed here by
bundling twelve sheets of the ntermittently fixed type
optical fiber tape 4. One sheet of the intermittently fixed type
optical fiber tape 4 1s configured with twelve optical fibers,
and the optical cable 1 includes 144 optical fibers 4 A 1n total.

FIG. 2 1s an explanatory diagram of the intermittently
fixed type optical fiber tape 4. The intermittently fixed type
optical fiber tape 4 indicates such an optical fiber tape 4 that
the connecting portions 4B, each connecting between the
optical fibers 4A 1mmediately adjacent to each other, are
disposed mtermittently 1n the longitudinal direction and the
width direction of the optical fibers 4A.

The mtermattently fixed type optical fiber tape 4 1s con-
figured with three or more optical fibers 4A (optical fiber
core wires) parallel to one another. The plurality of con-
necting portions 4B each connecting between the two optical
fibers 4A adjacent to each other are disposed intermittently
in the longitudinal direction and the width direction 1n a two
dimensional manner. The connecting portions 4B are por-
tions each connecting between the two optical fibers 4A
adjacent to each other using, for example, an ultraviolet
curable resin or a thermoplastic resin. An area other than the
connecting portions 4B each connecting between the two
optical fibers 4A adjacent to each other 1s a non-connecting
portion. Each of two the optical fibers 4A are not restricted
in the non-connecting portion. As a result, the optical fiber
tape 4 can be rolled in a cylindrical manner (1n a bundle),
folded to be stored, or the like, and thus a large number of
the optical fibers 4A can densely be housed 1n the optical
cable 1.

Note that the plurality of optical fibers 4A may not be
configured with the mtermittently fixed type optical fiber
tape 4. For example, the optical fibers 4 A may be configured
with a single optical fiber 4A 1n place of the intermittently
fixed type optical fiber tape 4. Further, the number of the
optical fibers 4A 1s not limited to 144. Further, a bundle of
the plurality of optical fibers 4 A may be configured such that
a plurality of optical fiber bundles each bundled using a
bundling material (1dentification member) are bundled. In
this case, an optical fiber bundle bundled with a bundling
material also may be referred to as a “sub-unit”.

The press-wrapping tape 3 1s a member configured to
wrap the plurality of optical fibers 4A. Polyimide tape,
polyester tape, polypropylene tape, polyethylene tape, and/
or the like 1s used for the press-wrapping tape 5. In addition
thereto, nonwoven fabric can be utilized as the press-
wrapping tape 5. In this case, one formed from polyimide,
polyester, polypropylene, polyethylene, and/or the like 1nto
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tape 1s used for such nonwoven fabric. It should be noted
that the nonwoven fabric may be one attached/applied with
absorbent powder, etc., or one subjected to surface process-
ing therefor. The press-wrapping tape 5 may also be one
formed by attaching a film such as a polyester film to the
nonwoven fabric.

The sheath 6 1s a member configured to cover the optical
fiber unit 2 (the plurality of optical fibers 4A and the
press-wrapping tape 5) in such a manner as to be housed in
the housing portion 6A. As a material of the sheath 6, for
example, a resin of polyvinyl chloride (PVC), polyethylene
(PE), nylon (registered trademark), fluorinated ethylene or
polypropylene (PP), and/or the like can be used. Further, a
polyolefin compound, which contains a hydrated metal
compound, such as magnesium hydroxide and aluminum
hydroxide as flame retardant, can be used as a material of the
sheath 6. Here, medium density polyethylene 1s used for the
sheath 6. A pair of strength members 7 and a pair of rip cords
are embedded 1n the sheath 6.

In a present embodiment, the external form of the sheath
6 1s circular. Since most of existing closures, dead-end grips
for gripping, etc., are mtended for the circular optical cable
1, they can be applied to the optical cable 1 according to a
present embodiment.

The strength members 7 are members configured to resist
shrinkage of the sheath 6 to restrain distortion or bending
applied to the optical fiber unit 2 due to the shrinkage of the
sheath 6. The strength members 7 are linear members, and
are embedded within the sheath 6 such that the longitudinal
direction thereof 1s along the longitudinal direction (cable
direction) of the optical cable 1. A nonmetallic material or a
metallic material can be used as a material of the strength
members 7. As a nonmetallic material, Fiber Reinforced
Plastic (FRP) such as glass FRP (GFRP), Aramid Fiber
Reinforced Plastic reinforced with Kevlar (registered trade-
mark) (KFRP), polyethylene fiber reinforced plastic rein-
torced with polyethylene fiber, or the like can be used. As a
metallic material, metallic wire such as steel wire can be
used. Here, glass FRP 1s used for the strength members 7.

The rip cords 8 are cords (rip cords) used for ripping the
sheath 6. A worker pulls the rip cords and rips the sheath 6,
to strip the sheath 6, thereby taking out the optical fibers 4A
in the optical cable 1. The rip cords 8 are longitudinally
attached to the periphery of the optical fiber unit 2, and are
embedded 1n the sheath 6, or disposed between the sheath 6
and the optical fiber unit 2. Fiber such as polyester, poly-
imide, aramid, or the like, fiber assembly, or one formed by
impregnating fiber with resin can be used for the rip cords
8.
<Arrangement of Strength Members 7 and Rip Cords 8>

A pair of the strength members 7 1s embedded within the
sheath 6 1n such a manner as to sandwich the optical fiber
unit 2 (or the housing portion 6 A). In the following descrip-
tion, a direction of connecting a pair of the strength members
7 1n a cross-section of the optical cable 1 may be referred to
as an X-direction (first direction), a direction orthogonal to
the X-direction may be reterred to as a Y-direction (second
direction). It should be noted that a face connecting a pair of
the strength members 7 results in a neutral surface when the
optical cable 1 1s bent, and a line connecting a pair of the
strength members 7 results in a line on the neutral surface.
In the case where each two or more of the strength members
7 are disposed each on the left and right sides (for example,
see FIG. 15 which will be described later), and the optical
fiber unit 2 (or the housing portion 6A) 1s sandwiched
between the two or more of the strength members 7 on one
side and the two or more of the strength members 7 on the
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other side, the X-direction results 1n a direction of connect-
ing the intermediate position of the two or more of the
strength members 7 on one side and the intermediate posi-
tion of the two or more of the strength members 7 on the
other side. Further, such a line as to connect the intermediate
positions also results 1n a line on the neutral surface when
the optical cable 1 1s bent.

A pair of the rip cords 8 1s embedded 1n the sheath 6 1n
such a manner as to sandwich the plurality of optical fibers
4 A (or the housing portion 6A). A direction of connecting a
pair of the rip cords 8 1n a cross-section of the optical cable
1 1s 1n the Y-direction (second direction).

FIGS. 3A and 3B are comparative explanatory diagrams
illustrating optical cables in reference examples using the
strength members 7 having diflerent diameters. FIG. 3A 1s
an explanatory diagram illustrating the optical cable 1n the
reference example using the strength members 7 made of
steel wire. FIG. 3B 1s an explanatory diagram illustrating the

optical cable 1n the reference example using the strength
members 7 made of glass FRP. As illustrated 1n FIG. 3B, 1n

the case where glass FRP, which 1s a nonmetallic material,
1s used for the strength members 7, 1t 1s necessary to increase
the outer diameter of the strength members 7 configured
with glass FRP, 1n order to acquire strength required for an
optical cable, since the glass FRP has a modulus of elasticity
smaller than that of steel wire.

In addition thereto, i1t 1s necessary to secure a predeter-
mined cladding thickness (for example, 0.6 mm) around the
strength members 7, in order for the strength members 7 to
perform their functions. Thus, 1n the case where the strength
members 7 are increased in diameter, the sheath 6 1s required
to be 1ncreased 1n thickness.

However, 1f the sheath 6 1s increased 1n thickness accord-
ingly in order to embed the thick strength members 7 in the
sheath 6, cladding with respect to the rip cords 8 (rip cords)
1s also 1ncreased 1n thickness accordingly. If the cladding on
the rip cords 8 1s increased in thickness, a great force 1s
required for pulling the rip cords 8, or the rip cords 8 that are
pulled with a great force may break, resulting 1n decrease in
workability.

FIGS. 4A and 4B are comparative explanatory diagrams
for comparing optical cables between a present embodiment
and a reference example. FIG. 4A 1s an explanatory diagram
of the optical cable 1 according to a present embodiment.
FIG. 4B 1s an explanatory diagram of the optical cable 1 1n
the reference example 1llustrated 1n FIG. 3B.

As 1llustrated in FIG. 4A, 1n a present embodiment, the
housing portion 6 A of the sheath 6 for housing the optical
fiber unit 2 1s elliptical. In a cross section of the optical cable
1, the minor axis of the housing portion 6 A 1n an elliptical
shape 1s 1n the X-direction (1s on a neutral surface when the
optical cable 1 1s bent), and the major axis thereof 1s 1n the
Y-direction. In other words, a cross-sectional shape of the
housing portion 6A has a dimension 1 the Y-direction
(major axis) greater than a dimension i1n the X-direction
(minor axis), and 1s 1n a shape extending 1n the Y-direction.

In a present embodiment, the sheath 6 has a circular
external form, and the housing portion 6A of the sheath 6 1s
in an elliptical shape. Thus, 1n the minor axis direction
(X-direction) of the housing portion 6A in the elliptical
shape, a dimension from the mnner peripheral surface of the
housing portion 6A to the outer peripheral surface of the
sheath 6 1s increased, while 1n the major axis direction
(Y-direction) of the housing portion 6A 1n the elliptical
shape, a dimension from the mnner peripheral surface of the
housing portion 6A to the outer peripheral surface of the
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sheath 6 1s decreased. That i1s, the sheath 6 1s thicker in the
X-direction and thinner 1n the Y-direction (see also FIG. 1B).

Further, in a present embodiment, the strength members 7
are disposed in the X-direction when viewed from the
housing portion 6A. That 1s, the strength members 7 are
disposed 1n the direction in which the sheath 6 1s thicker.
Thus, 1 a present embodiment, the thickness of the sheath
6 suilicient to embed the strength members 7 can be secured,
even 11 the outer diameter of the sheath 6 1s not increased as
in the reference example. As a result, the optical cable 1
according to a present embodiment can be made thinner
while the area of the housing portion 6 A being maintained

constant, as compared with the reference example 1llustrated
in FIG. 4B.

On the other hand, 1n a present embodiment, the rip cords
8 are disposed in the Y-direction when viewed from the
housing portion 6A. That 1s, the rip cords 8 are disposed in
the direction 1n which the sheath 6 1s thinner. As a result, in
a present embodiment, the cladding thickness on the rip
cords 8 (dimension(s) from the rip cord(s) 8 to the outer
peripheral surface of the sheath 6) can be reduced, as
compared with that 1n the reference example illustrated 1n
FIG. 4B. That 1s, 1n the optical cable 1 according to a present
embodiment, 1t 1s possible to reduce the cladding thickness
on the rip cords 8 while keeping such a space that optical
fibers can endure expansion and contraction of the cable
caused by temperature change, etc., (1.e., while keeping the
area of the housing portion 6 A), thereby being able to reduce
the outer diameter of the optical cable 1. Further, as 1n a
present embodiment, reduction in the cladding thickness on
the rip cords 8 can reduce the force for pulling the rip cords
8, which improves workability. Further, break 1n the rip
cords 8 can be restrained.

It should be noted that the cladding thickness on the rip
cords 8 can be reduced even by only making the optical
cable 1 thinner, however, in a present embodiment, with the
rip cords 8 being disposed in the Y-direction, the cladding
thickness on the rip cords 8 can further be reduced. That 1s,
in a present embodiment, such an eflect as to reduce the
cladding thickness on the rip cords 8 can synergistically be
obtained.
===0ptical Cable 1 of Second Embodiment=—=

FIG. 5A 1s a cross-sectional view 1illustrating an optical
cable 1 according to a second embodiment. FIG. 5B i1s an
explanatory diagram of a cross-sectional shape of a housing
portion 6A 1n a sheath 6 according to a second embodiment
but with an optical fiber unit 2 1 FIG. 5A omitted. As
compared with a first embodiment, the housing portion 6A
according to a second embodiment has a different shape.

A cross-sectional shape of the housing portion 6 A accord-
ing to a second embodiment has a dimension in the Y-di-
rection greater than a dimension in the X-direction and 1s in
a shape extending in the Y-direction, similarly to that 1n a
first embodiment. Since the sheath 6 has a circular external
form, the sheath 6 1s thicker in the X-direction and thinner
in the Y-direction, also in a second embodiment.

Further, a pair of the strength members 7 are embedded
within the sheath 6 1 such a manner as to sandwich the
optical fiber unit 2 (or the housing portion 6A) from the
X-direction, also in a second embodiment. That 1s, the
strength members 7 are disposed in the direction 1n which
the sheath 6 1s thicker, also 1n a second embodiment. Thus,
the optical cable 1 can be made thinner while keeping the
area of the housing portion 6A constant, as compared with
that 1n the reference example illustrated 1n FIG. 4B, also in
a second embodiment.
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Further, a pair of the rip cords 8 are embedded 1n the
sheath 6 1n such a manner as to sandwich the optical fiber
unit 2 (or the housing portion 6 A) from the Y-direction. That
1s, the rip cords 8 are disposed in the direction 1n which the
sheath 6 1s thinner, also 1n a second embodiment. Thus, the
cladding thickness on the rip cords 8 (dimension(s) from the
rip cord(s) 8 to the outer peripheral surface of the sheath 6)
can be made thinner, as compared with that in the reference
example 1illustrated 1n FIG. 4B, also in a second embodi-
ment. That 1s, 1t 1s possible to reduce the cladding thickness
on the rip cords 8 while keeping such a space that optical
fibers can endure expansion and contraction of the cable
caused by temperature change, etc., (1.e., while keeping the
area ol the housing portion 6 A), thereby being able to reduce
the outer diameter of the optical cable 1, also 1n a second
embodiment.

The housing portion 6 A according to the aforementioned
first embodiment 1s in an elliptical shape, whereas, the
housing portion 6 A according to a second embodiment has
a cross-sectional shape enclosed by two straight portions 61
along the Y-direction and two curved portions 62 disposed
on both sides 1n the Y-direction of these straight portions 61.
Since this shape 1s similar to the shape of a track 1n a track
race, the shape may be referred to as a “track shape™ in the
following description.

The two straight portions 61 in a cross section of the
optical cable 1 are disposed 1n a manner perpendicular to a
line connecting the two strength members 7, at the line
connecting the two strength members 7. Two planes opposed
to each other serving as inner peripheral surfaces of the
housing portion 6 A 1n the optical cable 1 (planes extending
in the cable direction of the optical cable 1) configure the
two straight portions 61 1n a cross section of the optical cable
1.

The two curved portions 62 1 a cross section of the
optical cable 1 are semicircles having a predetermined
radius. However, they are not limited to semicircles, as long
as a predetermined radius of curvature 1s secured. For
example, the two curved portions 62 each may be a part of
a semicircle or a part of an ellipse. With the two curved
portions 62, the housing portion 6A results in a shape
bulging outwardly at a line connecting the two rip cords 8.
Thus, the cladding thickness on the rip cords 8 can be made
thinner, as compared with that 1n the case where the housing
portion 6A 1s formed in a rectangular shape obtaimned by
forming the curved portions 62 into the straight portions 61.

In the case where the housing portion 6A 1s 1n an elliptical
shape as 1n a first embodiment, the housing portion 6A
results 1n a shape bulging toward the strength members 7 on
a line connecting the two strength members. Thus, when the
cross-sectional areas of the housing portion 6 A are the same,
it 1s necessary to increase a dimension in the X-direction of
the housing portion 6A 1n a first embodiment, as compared
with that 1n a second embodiment. As a result, a dimension
in the Y-direction of the housing portion 6A 1s reduced. In
other words, when the straight portions 61 are arranged at a
line connecting the two strength members 7 as 1n a second
embodiment, a dimension 1n the X-direction of the housing
portion 6A can be made smaller and a dimension in the
Y-direction of the housing portion 6 A can be made greater
than those 1n a first embodiment. Thus, 1n a second embodi-
ment, the optical cable 1 can be made thinner than that in a
first embodiment and also the cladding thickness on the rip
cords 8 (dimension(s) from the rip cord(s) 8 to the outer
peripheral surface of the sheath 6) can be made further
smaller.
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===0ptical Cable 1 of Third Embodiment=—=

FIG. 6A 15 a cross-sectional view of an optical cable 1
according to a third embodiment. FIG. 6B i1s an explanatory
diagram of a cross-sectional shape of a housing portion 6A
in a sheath 6 according to a third embodiment but with an
optical fiber unit 2 1n FIG. 6 A omitted. When comparing a
third embodiment with first and second embodiments, the
housing portion 6A according to a third embodiment has a
different shape.

A cross-sectional shape of the housing portion 6 A accord-
ing to a third embodiment has a dimension 1n the Y-direction
greater than a dimension in the X-direction, and 1s 1n a shape
extending 1n the Y-direction, similarly to those in first and
second embodiments. Since the sheath 6 has a circular
external form, the sheath 6 1s thicker 1n the X-direction and
thinner 1n the Y-direction, also 1n a third embodiment.

Further, a pair of the strength members 7 1s embedded
within the sheath 6 1 such a manner as to sandwich the
optical fiber unit 2 (or the housing portion 6A) from the
X-direction, also 1n a third embodiment. That 1s, the strength
members 7 are di Spo sed 1n the direction 1n which the sheath
6 1s thicker, also in a third embodiment. Thus, the optical
cable 1 can be made thinner, while keeping the area of the
housing portion 6A constant, as compared with that 1n the
reference example illustrated in FIG. 4B, also 1n a third
embodiment.

Further, a pair of the rip cords 8 1s embedded in the sheath
6 in such a manner as to sandwich the optical fiber unit 2 (or
the housing portion 6 A) from the Y-direction. That 1s, the rip
cords 8 are disposed 1n the direction 1 which the sheath 6
1s thinner, also 1n a third embodiment. Thus, the cladding
thickness on the rip cords 8 (dimension(s) from the rip
cord(s) 8 to the outer peripheral surface of the sheath 6) can
be made thinner than that in the reference example 1n the
FIG. 4B, also 1n a third embodiment. That is, 1t 1s possible
to reduce the cladding thickness on the rip cords 8 while
keeping such a space that optical fibers can endure expan-
sion and contraction of the cable caused by temperature
change, etc., (1.e., while keeping the area of the housing
portion 6A), thereby being able to reduce the outer diameter
of the optical cable 1, also 1n a third embodiment.

The housing portion 6A according to a third embodiment
has such a cross-sectional shape as to be narrowed on a line
connecting the two strength members 7. In the following
description, this shape may be referred to as a “narrowed
shape”.

In the narrowed shape, a dimension L3 in the X-direction
of the housing portion 6A at a position distant from a line
connecting the two strength members 7 1s greater than a
dimension L1 1n the X-direction of the housing portion 6A
on the line connecting the two strength members 7. In other
words, 1n the case of the narrowed shape, the maximum
dimension L3 in the X-direction of the housing portion 6A
1s at a position different from a position on the line con-
necting the two strength members 7. As a result, the cross-
sectional area of the housing portion 6A can be secured
while the dimension L1 in the X-direction of the housing
portion 6 A on the line connecting the two strength members
7 1s narrowed.

It should be noted that the maximum dimension L3 in the
X-direction of the housing portion 6A 1s preferably posi-
tioned to be distant from the line connecting the strength
members 7 by a distance of a radius of the strength members
7 or more. Thereby, the maximum dimension L3 1n the
X-direction of the housing portion 6A can easily be
increased, since the strength members 7 are not located 1n
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positions 1n the X-direction of the maximum dimension L3
in the X-direction of the housing portion 6A.

In a third embodiment, the housing portion 6A 1s nar-
rowed mwardly at the line connecting the two strength
members 7. Thus, 1f the cross-sectional areas of the housing,
portion 6A are the same, a dimension in the X-direction of
the housing portion 6A on the line connecting the two
strength members 7 can be made smaller and a dimension 1n
the Y-direction of the housing portion 6A can be made
greater, 1n a third embodiment, than those in other embodi-
ments. Thus, in a third embodiment, the optical cable 1 can
be made thinner than those in other embodiments, and also
the cladding thickness on the rip cords 8 (dimension(s) from
the rip cord(s) 8 to the outer peripheral surface of the sheath

6) can be further reduced.

It should be noted that, as has been described above, 1n the
case where the housing portion 6 A has a narrowed shape 1n
cross-section, such an efect can be obtained that the dimen-
sion L1 1n the X-direction of the housing portion 6A at the
line connecting the two strength members 7 can be reduced.,
thereby being able to make the optical cable 1 thinner.
However, this effect itself can be obtained also 1n the case of
the optical cable 1 without the rip cords 8 (however, 1n a
present embodiment, an object 1s to reduce the cladding
thickness on the rip cords 8 on the premise that the optical
cable 1 includes the rip cords 8).

FIG. 7 1s a reference explanatory diagram of an embodi-
ment without any rip cord. As illustrated 1n the drawing, the
dimension L3 1n the X-direction of the housing portion 6 A
at a posittion distant from the line connecting the two
strength members 7 1s greater than the dimension L1 1n the
X-direction of the housing portion 6 A on a line connecting
the two strength members 7. That 1s, the housing portion 6 A
1s 1n such a shape as to be narrowed inwardly at the line
connecting the two strength members 7. Thus, if the cross-
sectional areas of the housing portion 6 A are the same, the
dimension L1 1n the X-direction of the housing portion 6 A
on the line connecting the two strength members 7 can be
made smaller than the dimensions in other embodiments,
even 1f the rip cords 8 are not provided as 1n FIG. 7. Thus
such an eflect that the optical cable 1 can be made thinner
can be obtained.
===Method of Manufacturing Optical Cable 1=—=

FIG. 8A 1s a process diagram 1llustrating a manufacturing
apparatus of the optical cable 1.

A plurality of pieces (here, twelve pieces) of the inter-
mittently fixed type optical fiber tape 4 1s supplied to a
collector 12. The plurality of optical fibers 4A assembled by
being twisted 1 an SZ manner using the collector 12 are
wrapped with the press-wrapping tape 3, to be supplied to an
extruder 14. The optical fiber unit 2 (here, the plurality of
optical fibers 4A and the press-wrapping tape 5), the two
strength members 7, and the two rip cords 8 are supplied to
the extruder 14. The extruder 14 1s configured to coat the
optical fiber unit 2 with the sheath 6 therecaround while
running the optical fiber unit 2 and letting out the strength
members 7 and the rip cords 8 from their supply sources,
respectively

FIG. 8B 1s an explanatory diagram illustrating a mpple 16

and a die 18 of the extruder 14.
The optical fiber unit 2 (the plurality of optical fibers 4A
and the press-wrapping tape 5), the strength members 7, and
the rip cords 8, supplied to the extruder 14, are guided by the
nipple 16 to a die hole. A resin for configuring the sheath 6
1s filled 1n the die 18, and the circular optical cable 1 covered
with the sheath 6 1s extruded from the circular die hole.
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FIGS. 9A and 9B are explanatory diagrams illustrating the
nipple 16.

A guide hole 16A for guiding the optical fiber unit 2 1s
formed 1n the mipple 16. Further, holes 16B for guiding the
strength members 7 and holes 16C for guiding the rip cords
8 are formed 1n the nipple 16. A cross-sectional shape of the
guide hole 16A for guiding the optical fiber unit 2 1s an
clliptical shape when the optical cable 1 according to a {first
embodiment 1s manufactured, a track shape when the optical
cable 1 according to a second embodiment 1s manufactured,
and a narrowed shape when the optical cable 1 according to
a third embodiment 1s manufactured. The cross-sectional
shape of the guide hole 16A 1n the drawing 1s a narrowed
shape. The guide hole 16A has a dimension 1n the Y-direc-
tion greater than a dimension 1n the X-direction, and has a
shape extending in the Y-direction. Thus, the optical fiber
unit 2 running in a Z-direction 1s squeezed 1n the X-direction
when being guided to the guide hole 16A.

The present inventors discover that, 1n the case where the
plurality of optical fibers 4A are twisted 1n an SZ manner, a
phenomenon of “untwisting”, which will be described next,
occurs when the optical fiber unit 2 i1s passed through the
guide hole 16A of a shape extending 1n the Y-direction and
when the plurality of optical fibers 4A in the optical fiber
unit 2 are squeezed with the guide hole 16A.

FIG. 10A 1s a photograph of the optical cable 1 when the
phenomenon of “untwisting” has occurred. This photograph
was taken such that the inside of the optical cable 1 1s
exposed with the sheath 6, etc., removed after the inside
thereol 1s subjected to bonding. FIG. 10B 1s an explanatory
diagram 1llustrating a state of a certain optical fiber 4A 1n
FIG. 10A. When the phenomenon of “untwisting” occurs, an
area without any twist and an area 1n which an optical fiber
abruptly meanders are partially created in the optical fibers
4 A 1n the optical cable 1. If there 1s such an area without any
twist 1n the optical fibers 4A, excessive compressive strain
and/or elongation strain 1s added when the optical cable 1 1s
wound about a drum. As a result, transmission characteris-
tics may deteriorate and/or break life may be reduced.
Further, if there 1s an area 1n which an optical fiber abruptly
meanders (an area 1n which an abrupt bend 1s applied to the
optical fibers 4A), transmission characteristics may deterio-
rate, and/or the optical fibers 4 A may break. Since the optical
fiber 4A 1illustrated in FIG. 10B has an area of abrupt
meandering, the transmission characteristics are considered
to deteriorate in this area.

FIGS. 11A and 11B are explanatory diagrams ol an
“untwisting” occurring mechamsm. A specific optical fiber
4 A 1n the optical fiber unit 2 is illustrated by a black heavy
line in the drawings.

When the plurality of optical fibers 4A twisted 1n an SZ
manner are passed through the guide hole 16 A of a shape
extending in the Y-direction, the plurality of optical fibers
4 A are squeezed by the guide hole 16A. It should be noted
that, although the plurality of optical fibers 4A are squeezed
at the entrance of the guide hole 16 A 1n the drawings, an area
in which the optical fibers are squeezed may be any area 1n
the guide hole 16 A. When the plurality of optical fibers 4A
are squeezed by the guide hole 16 A, the optical fibers 4A are
untwisted 1n such an area of being squeezed, resulting in
occurrence ol an area where a twist of the optical fibers 4A
does not exist. Further, on the upstream side from the
squeezed area, the strain of the optical fibers 4A 1s gradually
accumulated. Since the plurality of optical fibers 4A are
twisted 1n an SZ manner, the area where strain 1S accumu-
lated 1s drawn 1nto the guide hole 16 A when the direction of
twist of the optical fibers 4A 1s reversed, resulting in
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occurrence of an area of abrupt meandering, as 1llustrated 1n
FIG. 10B. The “untwisting” occurring mechanism 1s con-

sidered to be caused by such a reason.

The “untwisting” occurring mechanism 1s considered to
be caused by the plurality of optical fibers 4A being
squeezed by the guide hole 16 A, as described above. Thus,
in the case where the plurality of optical fibers 4A are
twisted 1n an SZ manner, as the cross-sectional shape of the
guide hole 16 A 1s made more circular, “untwisting” becomes
less likely to occur, and as the cross-sectional shape of the
guide hole 16 A 1s made longer 1n the longitudinal direction,
“untwisting” becomes more likely to occur. In other words,
as the cross-sectional shape of the housing portion 6 A 1n the
optical cable 1 to be manufactured 1s made more circular,
“untwisting” becomes less likely to occur, and as the cross-
sectional shape of the housing portion 6 A in the optical cable
1 1s made longer in the longitudinal direction, “untwisting”
becomes more likely to occur.

As described above, 1f the cross-sectional shape of the
housing portion 6A in the optical cable 1 1s made excessively
longer 1in the longitudinal direction, “untwisting” 1s more
likely to occur, resulting in deterioration in transmission
characteristics of the optical fibers 4A. Thus, 1n order to
maintain transmission characteristics of the optical fibers
4 A, there 1s a limitation 1n increasing a dimension L2 1n the
Y-direction relative to a dimension L1 in the X-direction in
the cross-sectional shape of the housing portion 6A.

In the case where the cross-sectional shape of the housing
portion 6A 1s an elliptical shape as 1n a first embodiment, 1t
1s desirable that L1/L.2 1s equal to or greater than 0.355.
Further, 1n the case where the cross-sectional shape of the
housing portion 6A 1s a truck shape as 1n a second embodi-
ment, i1t 15 desirable that LL1/1.2 1s equal to or greater than
0.60. Further, in the case where the cross-sectional shape of
the housing portion 6A 1s a narrowed shape as 1 a third
embodiment, it 1s desirable that L.1/L.2 1s equal to or greater
than 0.75. As long as 1t 1s within these ranges, deterioration
1n transmission characteristics can be restrained, even 1f the
plurality of optical fibers 4A are twisted in an SZ manner.

It should be noted that, 1n the case where the plurality of
optical fibers 4A are twisted 1n an SZ manner, an arca of
abrupt meandering 1s created as illustrated 1 FIG. 10B,
since there 1s an area where the direction of twist of the
optical fibers 4A is reversed. On the other hand, 1n the case
where the plurality of optical fibers 4A are twisted 1n a single
direction, such a phenomenon does not occur, since there 1s
not such an area in which the direction of the twist of the
optical fibers 4A 1s reversed.

Thus, 1t 1s advantageous to use the plurality of optical
fibers 4 A twisted 1n a single direction, since deterioration 1n
transmission characteristics of the optical fibers 4A 1s not
likely to be caused.

EXAMPL

L1l

First Example

The optical cable 1 1s manufactured such that the optical
fiber unit 2 having 144 optical fibers (12 optical fibersx12
pieces) 1s configured using the mtermittently fixed type
optical fiber tape 4 having 12 cores. Glass FRP (GFRP)
having a diameter of 1.7 mm 15 used as the strength members
7, and medium density polyethylene 1s covered as the sheath
6. The optical fibers 4A are twisted 1n an SZ manner at a
pitch of 500 mm.

In the optical cable 1 1 a first example, the housing
portion 6A 1s formed 1n an elliptical shape, and the optical
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cable 1 having a configuration illustrated 1n FIG. 1 1s
manufactured. In the optical cable 1 of a first example,
[L1/1.2 1s 0.80, where .1 1s a dimension 1n the X-direction
(minor axis) of the housing portion 6A and L2 1s a dimension
in the Y-direction (major axis) thereof.

In an optical cable 1n a comparative example, assuming
that the housing portion 6A 1s circular (L1/L.2 1s 1), an
optical cable having a configuration 1illustrated in FIG. 3B
(or FIG. 4B) 1s manufactured.

A cladding thickness of 0.6 mm 1s secured around the
strength members 7, resulting in an outer diameter of 9.9
mm of the optical cable 1n a comparative example. Whereas,
the optical cable 1 of a first example results 1n an outer
diameter of 9.5 mm. That 1s, 1n a first example, 1t can be
achieved to decrease the diameter by 0.4 mm while a
cladding thickness around the strength members 7 1s being
secured.

Further, 1n an optical cable of a comparative example, the
cladding thickness on the rip cords 8 1s 2.5 mm. Whereas, 1n
the optical cable 1 of a first example, the cladding thickness
on the rip cords 8 1s 2.0 mm. That 1s, 1n a first example, 1t
can be achieved to decrease the cladding thickness on the rip
cords 8 by 0.5 mm. It should be noted that the decrease 1n
the cladding thickness on the rip cords 8 by 0.5 mm 1n a first
example exceeds an eflect obtaimned from decrease in the
diameter of the optical cable 1 (the decrease 1n the diameter
by 0.4 mm as described above).

Second Example

Next, the optical cables 1 including the housing portions
6A having cross-sectional shapes of an elliptical shape, a
truck shape, and a narrowed shape, respectively, are manu-
tactured. Further, with respect to each type of the optical
cables 1, the optical cables 1 with rate R (=LL1/L.2) of L1
relative to L2 different by 0.05 each in a range 01 0.45 to 0.90
are manufactured, where L1 1s a dimension 1n the X-direc-
tion of the housing portion 6 A and .2 1s a dimension 1n the
Y-direction thereof. It should be noted that all the optical
cables 1 are set such that the cross-sectional area of the
housing portion 6A is 13.1 mm~. In the case where the
cross-sectional shape of the housing portion 6A 1s 1n a truck
shape, the cross-sectional area of the housing portion 6 A 1s
set at 13.1 mm~ while the radius of curvature of the curved
portions 62 1s set at 1.25 mm. In the case where the
cross-sectional shape of the housing portion 6A 1s 1n a
narrowed shape, with respect to rate R (=L1/L.2) 1n manu-
facturing, actual dimensions L1' (mm), L.2' (mm) are set, as
given 1 the Ifollowing expressions, with the actual
rate (=L1'/L2') being diflerent by substantially 0.05 each, as
illustrated 1n Table 1.

L1=3.36xR+0.8464

L2=-1.31xRKR+5.4803

TABLE 1

(ACTUAL SIZE AND RATE IN THE
CASE OF NARROWED SHAPE)

CROSS-SEC- EXTERNAL

R = L1 L2 TIONAL AREA  DIAMETER
L1/L2 (mm) (mm) L1712’ (mm?) (mm)
0.90 3.87  4.30 0.900 13.1 9.47
0.85 3.70  4.37 0.848 13.1 9.30
0.80 3.53 443 0.797 13.1 9.13
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TABLE 1-continued

(ACTUAL SIZE AND RATE IN THE
CASE OF NARROWED SHAPE)

CROSS-SEC-  EXTERNAL
R = L1’ L.2' TIONAL AREA  DIAMETER

L1/L.2 (mm) (mm) L1YL2' (mm?) (mm)
0.75 3.37 450 0.748 13.1 8.97
0.70 320 456 0.701 13.1 3.80
0.65 3.03 463  0.655 13.1 8.63
0.60 2.86 469  0.610 13.1 8.46
0.55 269 476  0.566 13.1 8.29
0.50 2.53 483  0.524 13.1 8.13
0.45 236 489  0.482 13.1 7.96

Further, also 1n a second example, similarly to a first
example, glass FRP (GFRP) having a diameter of 1.7 mm 1s

used as the strength members 7, and medium density poly-

cthylene 1s covered as the sheath 6, thereby securing a
cladding thickness of 0.6 mm around the strength members
7. The optical fibers 4A are twisted 1n an SZ manner at a
pitch of 500 mm.

As a method of evaluating these optical cables 1, trans-
mission loss and the presence or absence of regional loss
(drop loss) are measured by the OTDR, with each of the
optical cables 1 having a length of 1000 m.

FIG. 12A 1s an explanatory diagram of OTDR measure-
ment. Measuring equipment (OTDR) 1s connected to a
dummy {fiber, and this dummy fiber i1s fusion spliced to the
first optical fiber 4A which 1s to be measured 1n the optical
cable 1. Further, the first optical fiber 4A and the second

optical fiber 4 A which are to be measured are fusion spliced

to each other, and the other end of the second optical fiber
4 A 1s Tusion spliced to a dummy fiber. Thereby, transmission
loss and the presence or absence of drop loss in the two
optical fibers 4A can concurrently be evaluated at one

measurement.

FIG. 12B illustrates an example of such measurement
results. In this measurement result, 1t can be verified that a
drop loss 1s found 1n the first optical fiber 4A. Further, 1t can
be verified that the optical fiber 4A (first optical fiber 4A)
with a drop loss has a larger transmission loss than the
optical fiber 4A (second optical fiber 4A) without a drop
loss. Accordingly, transmission loss and the presence or

absence of drop loss 1n the optical fibers 4A included 1n the

optical cable 1 are evaluated.

It should be noted that the maximum value of the trans-
mission loss among all the optical fibers 4A configuring the
optical cable 1 1s given as a transmission loss. Evaluation
results will be given 1n Table 2 as follows. The numerical
values 1n the table indicate transmission losses, and the thick
frames 1n the table each indicate the optical cable 1 in which
a drop loss 1s found.
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TABLE 2
[dB/km’
RATE CROSS-SECTIONAL SHAPE
R=1L1/.2 | ELLIPTICAL TRACK | NARROWED
0.90 0.20 0.20 0.21
0.85 0.20 0.20 0.21
0.80 0.20 0.20 0.21
0.75 0.20 0.20 0.23
0.70 0.20 0.20
0.65 0.21 0.23
0.60 0.23 0.24
0.55 0.24
0.50
0.45

As described 1n the evaluation results in Table 2, in the
case where the cross-sectional shape of the housing portion
6A 1s 1n an elliptical shape, when L1/1.2 becomes equal to
or smaller than 0.50, a drop loss occurs, and a transmission
loss abruptly increases. It should be noted that a drop loss 1s
considered to be caused by regional bending of the optical
fiber 4 A that occurs due to “untwisting”’. From these results,
it has been confirmed that L1/L.2 equal to or greater than
0.55 1s desirable 1n the case where the cross-sectional shape
of the housing portion 6A 1s elliptical.

Further, 1n the case where the cross-sectional shape of the
housing portion 6A 1s 1n a truck shape, when L.1/L.2 becomes
equal to or smaller than 0.55, a drop loss occurs and a
transmission loss abruptly increases. From these results, it
has been confirmed that L1/L.2 equal to or greater than 0.60
1s desirable 1n the case where the cross-sectional shape of the
housing portion 6A 1s 1n a truck shape.

Further, 1n the case where the cross-sectional shape of the
housing portion 6A 1s 1n a narrowed shape, when L1/1.2
becomes equal to or smaller than 0.70, a drop loss occurs
and a ftransmission loss abruptly increases. From these
results, 1t has been confirmed that L1/L.2 equal to or greater
than 0.75 1s desirable, 1n the case where the cross-sectional
shape of the housing portion 6A 1s 1n a narrowed shape.

It should be noted that 1t 1s confirmed that, in the case
where the cross-sectional shape of the housing portion 6A 1s
in a narrowed shape, a drop loss 1s more likely to occur than
in the cases of an elliptical shape and a truck shape. This 1s
considered to be due to the fact that the cross-sectional shape
of the guide hole 16 A of the nipple 16 used 1n manufacturing

the optical fibers 4A 1s 1n a narrowed shape, and the optical
fibers 4A are squeezed at such an narrowed part of the guide
hole 16 A, and thus the strain of the optical fibers 4A 1s likely
to be accumulated when the optical cable 1 1s being manu-
factured.

Incidentally, as illustrated 1n a first example, 1n the case
where the cross-sectional shape of the housing portion 6A 1s
in an elliptical shape, the optical cable 1 with L1/1.2 of 0.80
has an outer diameter of 9.5 mm. Whereas, 1n the case where
the cross-sectional shape of the housing portion 6A 1s 1n a
narrowed shape, the optical cable 1 with L1/L2 of 0.80 has
an outer diameter of 9.13 mm (see Table 1). Thus, 1n the case
where the cross-sectional shape of the housing portion 6A 1s
in a narrowed shape, 1t can be confirmed that such an effect
of being able to make the optical cable 1 thinner than in the
case of an elliptical shape can be obtained. It should be noted
that this effect itself can be obtained also by the optical cable
1 without rip cords.

10

15

20

25

30

35

40

45

50

55

60

65

16

===0ther===

The above embodiments are intended to facilitate the
understanding of the present mvention but not to limit the
invention. And 1t 1s needless to say that modifications and
improvements of the present invention are possible without
departing from the scope of the invention, and equivalents
thereol are also encompassed by the invention.
<Regarding Housing Portion 6 A>

In the above described embodiments, the cross-sectional

shape of the housing portion 6A 1s 1n an elliptical shape, a
track shape, or a narrowed shape. However, the cross-
sectional shape of the housing portion 6A 1s not limited to
these shapes. For example, the cross-sectional shape of the
housing portion 6A may be rectangular, polygonal (for
example, hexagonal, octagonal, etc.).

<Regarding Optical Cable 1>

In the above embodiments, only the strength members 7
and the rnip cords 8 are disposed within the sheath 6,
however, another member diflerent from the strength mem-
bers 7 and the rip cords 8 may be disposed within the sheath
6.

Further, 1n the above embodiments, a plurality of optical
fibers 1s wrapped with the press-wrapping tape 5, however,
the press-wrapping tape 5 may not be provided. For
example, a forming pipe made of low density polyethylene
can be disposed 1n place of the press-wrapping tape 5.
<Regarding Rip Cords 8>

In the above embodiments, the optical cable 1 includes a
pair of the rip cords 8. However, the number of the rip cords
8 15 not limited to two. For example, the optical cable 1 may
include four or six rip cords. In this case, it 1s preferable that
any two of the rnip cords 8 are disposed 1n the Y-direction
when viewed from the housing portion 6A (a direction in
which the sheath 6 1s thinner: a direction intersecting the
direction for connecting the two strength members 7 1n a
cross section of the optical cable 1.)
<Regarding Arrangement of Rip Cords 8 1>

In embodiments described above, a pair of the rip cords
8 1s disposed 1n the direction orthogonal to the direction (the
X-direction) of connecting the two strength members 7
sandwiching the housing portion 6 A. However, the arrange-
ment of the rip cords 8 1s not limited to the direction
orthogonal to the X-direction.

FIG. 13 1s a cross-sectional view of another embodiment
in the case where the cross-sectional shape of the housing
portion 6A 1s an elliptical shape. Here, 1t 1s illustrated 1n a
state with the optical fiber unit 2 omitted. The minor axis of
the housing portion 6A of an elliptical shape 1s inclined
relative to the direction (X-direction) of connecting the two
strength members 7 sandwiching the housing portion 6A.
The two rip cords 8 are disposed to sandwich the housing
portion 6A of an elliptical shape from the major axis
direction. Thus, the direction for connecting the two rip
cords 8 1s not orthogonal to the direction for connecting the
two strength members 7 sandwiching the housing portion
6A.

Also 1n an embodiment illustrated in FIG. 13, since a
dimension of the housing portion 6 A 1n the direction (cor-
responding to the first direction) of connecting the two
strength members 7 1s smaller, an optical cable can be made
thinner. Further, since a dimension of the housing portion 6 A
in the direction (corresponding to the second direction) of
connecting the two rip cords 8 1s greater, the cladding
thickness on the rip cords 8 (dimension(s) from the rip
cord(s) 8 to the outer peripheral surface of the sheath 6) can
be reduced. However, since a dimension 1n the X-direction
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of the housing portion 6A 1s increased, as compared with
that 1n the optical cable 1 1n the first embodiment, the optical
cable 1s slightly thickened.

<Regarding Arrangement of Rip Cords 8 2>

In an embodiment described above, a pair of the rip cords
8 15 disposed 1n such a manner as to sandwich the housing
portion 6A from the direction 1n which the housing portion
6A extends. In other words, a pair of the rip cords 8 1s
disposed in such a manner as to sandwich the housing
portion 6A from a direction 1 which a dimension of the
housing portion 6A is the greatest. However, the arrange-
ment of the rip cords 8 1s not limited thereto.

FIGS. 14A and 14B are cross-sectional views of further
different embodiments. As illustrated in FIG. 14A, even 1n
the case where the cross-sectional shape of the housing
portion 6A 1s in an elliptical shape, the two rip cords 8 may
be disposed to sandwich the housing portion 6A from a
direction different from the major axis direction. Further, as
illustrated 1n FIG. 14B, even 1n the case where the cross-
sectional shape of the housing portion 6A 1s 1n a narrowed
shape, the rip cords may be disposed to sandwich the
housing portion 6A from a direction different from the
direction of the greatest dimension L2 of the housing portion
6A. Even 1n such a case, it 1s possible to reduce the cladding
thickness on the rip cords 8 while the optical cable 1s made
thinner.

It should be noted that, also 1n an embodiment illustrated
in FIG. 14B, the housing portion 6 A 1s in such a shape as to
be concaved inwardly at a line connecting the two strength
members 7 (on the neutral surface when the optical cable 1
1s bent). Thus, the dimension L1 1n the X-direction of the
housing portion 6 A on the line connecting the two strength
members 7 can be reduced, resulting 1n an achievement of
such an eflect as to be able to make the optical cable 1
thinner.
<Regarding Strength Members 7>

In embodiments described above, the optical cable 1
includes a pair of the strength members 7. However, the
number of the strength members 7 1s not limited to two. For
example, as 1illustrated m FIG. 15, the optical cable 1 may
include four of the strength members 7. Also 1n this case, a
pair of the strength members 7 1s embedded within the
sheath 6 1n such a manner as to sandwich the housing portion
6A. When a direction for connecting a pair of the strength
members 7 sandwiching the housing portion 6A 1s 1n the
X-direction, a dimension L1 in the X-direction of the
housing portion 6 A 1s smaller, thereby being able to make an
optical cable thinner (it should be noted that the direction for
connecting the two strength members disposed up and down
1s not 1n the X-direction, since the two strength members 7
disposed up and down 1n the drawing do not sandwich the
housing portion 6A). Further, the direction for connecting,
the two rip cords 8 1s 1n a direction tersecting the X-di-
rection, and since the dimension [.2 1n this direction of the
housing portion 6A 1s greater, the cladding thickness on the
rip cords 8 (dimension(s) from the rip cord(s) 8 to the outer
peripheral surface of the sheath 6) can be reduced.

It should be noted that, in the case of FIG. 15, the neutral
surface when the optical cable 1 1s bent 1s a surface to
connect between the intermediate position of two strength
members disposed up and down on one side and the other
intermediate position thereotf on the other side, the strength
members on one and the other sides sandwiching the hous-
ing portion 6A. In other words, the X-direction is the
direction for connecting between the intermediate position
of the two strength members disposed up and down on one
side and the other intermediate position of the two strength

10

15

20

25

30

35

40

45

50

55

60

65

18

members on the other side, the strength members on one and
the other sides sandwiching the housing portion 6A.

REFERENCE SIGNS LIST

1 optical cable, 2 optical fiber unit,

4 optical fiber tape, 4A optical fiber, 4B connecting portion,
5 press-wrapping tape, 6 sheath,

6 A housing portion, 61 straight portion, 62 curved portion,
7 strength member, 8 rip cord,

12 collector, 14 extruder,
16 nipple, 16 A guide hole, 18 die

The mvention claimed 1s:

1. An optical cable comprising:

an optical fiber unit including a plurality of optical fibers;

a sheath configured to house the optical fiber unit 1 a
housing portion, the sheath having a circular external
form;

a pair of strength members embedded in the sheath
sandwiching the housing portion, each strength mem-
ber constituting said pair of strength members 1nclud-
ing at least one strength member; and

two rip cords, wherein

when a direction of connecting the pair of strength
members sandwiching the housing portion 1s a first
direction, and a direction intersecting the first direction
1s a second direction, 1n any cross section of the optical
cable 1n a longitudinal direction,

a cross-sectional shape of the housing portion has a
dimension 1n the second direction greater than a dimen-
sion 1n the first direction,

the two rip cords are disposed to sandwich the optical
fiber unit such that a direction of connecting the two rip
cords 1s 1n the second direction, in any cross section of
the optical cable 1n the longitudinal direction,

the plurality of optical fibers are twisted 1n an SZ manner,

the cross-sectional shape of the housing portion 1s an
clliptical shape with a minor axis and a major axis, and

[L1/L.2 1s equal to or greater than 0.55, where L1 1s the
length of the minor axis and L2 1s the length of the
major axis.

2. An optical cable comprising:

an optical unit including a plurality of optical fibers;

a sheath configured to house the optical fiber unit 1n a
housing portion, the sheath having a circular external
form;

a pair ol strength members embedded 1n the sheath
sandwiching the housing portion, each strength mem-
ber constituting said pair of strength members 1nclud-
ing at least one strength member; and

two rip cords, wherein

when a direction of connecting the pair of strength
members sandwiching the housing portion in a first
direction, and a direction intersecting the first direction
1s a second direction, 1n any cross section of the optical
cable 1n a longitudinal direction,

a cross-sectional shape of the housing portion has a
dimension 1n the second direction greater than a dimen-
sion 1n the first direction,

the two rip cords are disposed to sandwich the optical
fiber unit such that a direction of connecting the two rip
cords 1s 1n the second direction, in any cross section of
the optical cable 1n the longitudinal direction,

the cross-sectional shape of the housing portion 1s 1n such
a shape as to be enclosed by two straight portions along
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the second direction and two arc-shaped portions on
both sides 1n the second direction of the straight por-
tions,

the plurality of optical fibers are twisted 1n an SZ manner,
and

[L1/L.2 1s equal to or greater than 0.60,

where L1 15 a dimension of the housing portion in the first
direction and L2 1s a dimension thereof 1n the second

direction.

3. An optical cable comprising:

an optical fiber unit including a plurality of optical fibers;

a sheath configured to house the optical fiber unit 1n a
housing portion, the sheath having a circular external
form;

a pair of strength members embedded in the sheath
sandwiching the housing portion, each strength mem-
ber constituting said pair of strength members 1nclud-
ing at least one strength member; and

two rip cords, wherein

when a direction of connecting the pair of strength
members sandwiching the housing portion mn a first
direction, and a direction intersecting the first direction
1s a second direction, 1n any cross section of the optical
cable 1n a longitudinal direction,
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a cross-sectional shape of the housing portion has a
dimension in the second direction greater than a dimen-
sion 1n the first direction,

the two rip cords are disposed to sandwich the optical
fiber unit such that a direction of connecting the two rip
cords 1s 1n the second direction, in any cross section of
the optical cable 1n the longitudinal direction,

the cross-sectional shape of the housing portion 1s 1n such
a shape as to be narrowed at a line connecting the two
strength members,

the plurality of optical fibers are twisted 1n an SZ manner,
and

[L1/L.2 1s equal to or greater than 0.73,

where L1 1s a dimension of the housing portion in the first
direction and L2 1s a dimension thereof 1n the second
direction.

4. The optical cable according to claim 3, wherein the

strength members are made of a nonmetallic material,

and the cross-sectional shape of the housing portion 1s 1n
such a shape as to be enclosed by two straight portions
along the second direction and two arc-shaped portions
on both sides 1n the second direction of the straight
portions.



	Front Page
	Drawings
	Specification
	Claims

